Perfusion
Introduction
The research by West et al., [1] [2] [3] with radioactive gas isotopes such as Xenon, has shown that ventilation and perfusion increased in a cephalic-caudal direction. The differences were explained by the changes in pleural pressure resulting from the weight of the lung itself, for ventilation, and by the effect of gravity for perfusion. The pressure that keeps the alveoli opened -transpleural pressure -results from the differential between the alveolar and the pleural pressure. Pleural pressure becomes less sub-atmospheric at the basis, resulting in lower volume alveoli, with increased compliance and, consequently, increased relative ventilation. The force of gravity imposes a higher blood hydrostatic pressure that drops to the baseline and a pressure loss that rises to the apex, giving rise to West's zones as described in the classical respiratory physiology textbooks. 4, 5 Later findings showed that changes in pulmonary volume cause changes in gravity. 6 The imaging techniques used in West's pioneer studies gave mean blood flow measurements with means applicable to areas of the lung parenchyma located along the same horizontal plane. With the current high-resolution techniques that enable the identification of very small flow differences on the same horizontal plane, high blood flow variability in the same isogravitational plane, in 1 mm thick sections is demonstrated. 7 50 mm sections show marked gravity-related changes in perfusion and ventilation on the vertical plane, with no differences in the horizontal plane. 8 This explains the findings by West's initial studies and others that came later. In contrast, high-resolution tests such as computed axial tomography or PET CT have shown changes in the distribution of ventilation and perfusion in iso-gravitational planes. 9
Ventilation differences
Initially, the distribution of pulmonary ventilation was determined using gas radioactive isotopes such as 133 Xe, the element of choice because of its low absorption. Tracking of radiolabelled gas is done with detectors that provided a bidimensional image of a highly complex three-dimensional structure such as the lung. The use of high-resolution tomography shows areas of higher ventilation in the same horizontal plane and toward the pulmonary hilum. 10
Perfusion differences
Gravity was therefore considered the determining factor for the distribution of ventilation and pulmonary blood flow; as we move away in a cephalic direction, the pulmonary artery hydrostatic pressure decreases resulting in a reduced blood flow to the apexes and increased blood flow toward the basis, where the blood flow will be higher. 11 Moreover, the lung's weight imposes changes in the pleural pressure and, consequently, in the size of the alveoli, their ability to distend and finally in ventilation.
Some trials performed under zero gravity, microgravity and hypergravity question these arguments. 12, 13 Montmerle et al. found differences in surrogate measures such as cardiogenic oscillations used as indicators of the differential in oxygen and carbon dioxide concentrations in pulmonary units that also reflected differences in pulmonary perfusion.
The evaluation of ventilation distribution and perfusion in pigs by Altemeier et al., using a variance analysis, quantified the contribution of the structure to ventilation and perfusion differences attributing 74.0% ± 4.7% for ventilation and 63.3% ± 4.2% for perfusion. 14 The contribution of gravitational forces and of postural changes will then be fundamentally less important than what was traditionally thought.
Subsequent studies 10,14 correlated the differences found in blood flow with lung tissue volume. The analysis with functional magnetic resonance and measurement of regional proton density using FLASH (Fast Low Angle SHot), Hopkins et al. found that when the differences identified in perfusion are normalized against the tissue density, the blood flow distribution is uniform throughout the lung. This is what the Slinky effect suggests: a gravity-dependent spring deforms under its own weight. 15 A quantitative photon emission computed tomography suggests that the differences in blood flow distribution and ventilation may also be due to the alterations in the pulmonary parenchyma resulting from postural changes that could account for such differences. Variations resulting from postural changes from supine to prone lead to variations in the distribution of pulmonary tissue. This theory is supported by the differences between the left and right lateral decubitus. In left lateral decubitus the dependent lung is the smallest volume lung and under these conditions, any changes in ventilation and perfusion do not favor the dependent lung.
The experiments in the last decade have given rise to the structural model of pulmonary physiology that replaces the concept of random embryo formation of the pulmonary vessels and bronchi by a fractal model mainly characterized by the repetition of a baseline structure wherein the vascular and bronchial anatomy follow a constant mathematical ratio. [16] [17] [18] An asymmetric division of the airway is initially observed from the source bronchi; left bronchus/right bronchus = 0.8 and remains unchanged until the last divisions; this pattern repeats itself in the blood vessels. Such asymmetric division would mainly account for the differences in pulmonary ventilation and perfusion.
Conclusions
West's model has been the foundation for understanding the distribution of pulmonary perfusion and ventilation. It is applicable to various medical situations and in particular to the ventilation modes used in several clinical and surgical scenarios. One that comes to mind is the ventilation under constant changes in the position of the patient with varying pathologies, particularly the ARDS and anesthesia for chest surgery in lateral decubitus and one-lung ventilation conceptually based on the assumptions of the gravitational model.
Several secondary reviews conclude that prone decubitus ventilation has a positive effect on severe ARDS patients. The information requires careful consideration prior to its adoption into clinical practice, since the risk of complications from patient's mobilization such as extubation, loss of central or arterial lines and pressure ulcers may offset the benefits. Moreover, prone ventilation represents a simplistic approach to the referred models. As already mentioned, the gas exchange issue is more probably related to structural pulmonary disorders inherent to ARDS, the key ventilationperfusion determinant.
These new findings question the validity of West's model and raise some questions regarding the foundation of the ventilation strategies used in ICUs and surgery based on such assumptions. The new model has begun to generate studies and scientific debates that should provide a novel explanation to old concepts. Regardless of whether the new paradigm is established or ruled out, it is mandatory to continue explaining numerous medical interventions under West's gravitational model.
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